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Vascular surgery has benefitted from the introduction 
and development ofnew biomaterials used in grafting. 
However, these prosthetic materials are at risk of 
infection. 1-4 Such infections occur both early after im- 
plantation of grafts, and much later as a consequence 
of different mechanisms. 5 Early onset graft infections, 
occurring within 4 months of implantation, are often 
a consequence of inadequate aseptic surgical pro- 
cedures or of inadequate patient selection pro- 
cedures. 5-7 Late onset infections, occurring many years 
after implantation, are generally due to bacteria 
spreading from contiguous intestinal sites or through 
the blood stream. 8'9 Although virtually any micro- 
organism can cause a vascular graft infection, the most 
frequently isolated bacteria are staphylococci (both 
Staphylococcus aureus and coagulase-negative Staphy- 
lococcus spp.) and enterobacteria (principally Es- 
cherichia coli), though enterococci and Pseudomonas 
aeruginosa re also frequently isolated. 1~'~°'1~ 
According to several in vitro findings the physical 
nature of different biomaterials shows some influence 
on bacterial adhesion rates, expanded polytetra- 
fluoroethylene being less suitable for bacterial ad- 
hesion than dacron, though the significance of such 
findings for the in vivo susceptibility to colonisation is
still not completely understood. ~2-14 Collagen or gelatin 
impregnated grafts also appear to be more resistant. 
Two principal characteristics of such infections con- 
tribute to their severity: the almost complete absence 
of specific linical signs, particularly in the early phases 
(diagnosis is almost always possible when pus is al- 
ready partially or totally surrounding the graft or 
causing a fistula), and their extreme resistance to 
chemotherapy, due to the bacterial production of eso- 
polymeric substances. 1°'~5 Both these aspects point out 
the absolute necessity for diagnostic procedures that 
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facilitate early diagnosis and permit effective chemo- 
therapy. 
To achieve both these goals, the peculiar char- 
acteristics of biofilm-growing bacteria must be un- 
derstood. It is almost universally believed that the 
bacterial ability to adhere and survive glued to inert 
surfaces is generally a consequence of the production 
of extracellular polymeric polysaccharide-containing 
substances, comprehensively indicated as glyco- 
calyxY 5-2° The bacterial mechanism of adhesion to 
inert surfaces is known to be a two-phase one, being 
based on a protein-based initial step, and a subsequent 
esopolymer-based step. This second step is believed 
to allow bacteria to resist adverse conditions trongly 
and to survive antibacterial gents and host defences in 
vivo.  2°-23 This peculiar mechanism of growth, involving 
adhesion to inert surfaces and growth in microcolonies, 
progressively enlarging to large biofilms, has been 
shown to be important in the colonisation of both 
medical devices and solid surfaces in aqueous en- 
vironments. 16'19 The physiology of biofilm endowed 
cells is extremely complex and is profoundly different 
from those grown planktonically (the mode of growth 
in free liquid environments). 16'19'23 During the biofilm 
formation process, bacterial cells progressively un- 
dergo radical metabolic hanges that profoundly in- 
fluence their activities in a way that is not easily 
predicted from current knowledge. 
The most surprising finding of recent studies is that 
the physiological status of bacterial cells living in 
biofilms is heterogeneous, being determined by the 
location of each individual cell within the multiple 
layers of cells forming the biofilm, with a behaviour 
most resembling that of an animal tissue. 23 Cells located 
in the external layers, having free access to nutrients 
and oxygen and few problems in the discharge of toxic 
waste products, are metabolically active, frequently 
reproducing, and normally sized, most like planktonic 
cells; and, in fact, they return to planktonic life when 
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the biofilm approaches critical mass, causing, in vivo, 
acute episodes in the course of an otherwise almost 
silent infection. These cells, on the other hand, are 
highly susceptible to antibacterial agents and host 
defences. Cells located in the deeper layers of the 
biofilm, having scarce access to nutrients and oxygen, 
and great difficulties in discharging waste metabolites, 
show very reduced or no reproductive activity, and a 
metabolism largely addressed towards the synthesis 
of esopolymers. These cells, being almost at a stage 
of dormancy, are extremely resistant o antibacterial 
agents and host defences. Moreover, since the gly- 
cocalyx functions as an ion-exchange matrix, able to 
trap several compounds, biofilm bacteria devote part 
of their activity to producing enzymes involved in 
active resistance towards antibacterial agents, which 
are subsequently externalised and concentrated in the 
esopolymeric matrix. 16'19 Such cellular differentiation 
is proportional to the age of the biofilm, as is its 
resistance to antibacterial gents. 23 
All these considerations have a direct influence on 
the strategies to be followed in the laboratory man- 
agement of microbiological samples from cases of 
suspected biomaterial-centred infections. Several ex- 
pedients and modifications of standard procedures 
must be applied to the processing of such specimens. 
Procedures intended to isolate micro-organisms col- 
onising vascular grafts should take into account prim- 
arily the characteristics of such infections, that manifest 
themselves with acute, sometimes dramatic, outbursts 
but go on for long periods silently. During acute 
episodes repeated blood cultures can be useful, since 
these episodes are due to the passage of bacterial cells 
of the outer layers to planktonic growth in the blood 
stream. Blood sampling should be repeated at short 
intervals as the half lives of planktonic cells, once 
matched with the host defensive mechanisms, are 
short. Samples may also be obtained from wounds, 
perigraft fluid aspirated under ultrasound or CT con- 
trol and directly from an explanted graft. 
Once taken, the samples must be transported to the 
laboratory in a suitable wetted environment to be 
processed immediately. Sample processing, intended 
to give an accurate qualitative and semi-quantitative 
evaluation of the eventual microbial flora colonising 
the graft, should consider the relatively high adhesion 
strength of bacteria, and the potential dormancy con- 
dition of the cells. Consequently, on receipt he graft 
portions, immersed in an adequate liquid medium, 
should be extensively vortexed or otherwise cautiously 
sonicated to detach bacterial cells from the biomaterial 
and to disperse them in the medium. Adequate vol- 
umes of the suspension and of sequential dilutions 
should be plated on appropriate solid media; more- 
over, the graft itself should be inoculated in an ad- 
equate liquid medium and incubated with vigorous 
shaking till evident bacterial growth is observed, for 
up to 10 days. An equally long incubation period 
should be adopted for the inoculated plates. 
While isolation and identification procedures rely 
upon the attempt to drive back bacteria to planktonic 
growth, reliable antimicrobic susceptibility esting de- 
pends on the possibility to test bacteria in a condition 
resembling as much as possible the in vivo situation, 
where sessile growth is prevalent. A further con- 
sideration, based on the dormancy condition of sessile 
bacteria, suggests basing therapeutic planning on bac- 
tericidal activity of antibiotics rather than on their 
inhibitory activity, because for biofilm bacteria these 
data are very different. 22'2a-27 We consequently de- 
veloped a testing broth procedure which is able to 
predict the efficiency of antibiotics reliably, both in 
prophylactic and therapeutic regimens. 24'28 
For this purpose test tubes containing adequate 
serial dilutions of selected antibiotics are inoculated 
with a bacterial suspension in the presence of sterile 
plastic beads, and a second series of tubes is inoculated 
with one plastic bead colonised with the strain to be 
tested. The reliability and reproducibility of such a 
procedure appears to be facilitated by the relatively 
scarce effect of the inoculum size on tests performed 
in sessile conditions. 28 After incubation minimal bac- 
tericidal concentrations are calculated, transferring the 
beads from all tubes showing no growth to new tubes 
containing fresh medium with no added antibiotic. 
Though such procedures reliably isolate the micro- 
organisms causing vascular graft infections, they can- 
not be considered ideal because they do not generally 
allow an accurate microbiological diagnosis before 
graft removal. 
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